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FOREWURD

This report is part of a research,nnngcem by the Army Research Institute
for the Behavioral and Social Sciences’(ARI) to develop analytic tools for es-
timating training device effectiveness. To date, four analytic models under
the heading"TRAINVICE“zhave been developed, but their validity is still in
question because predictor and criterion measurements available for validation
studies are few. The authors of this report were able to get these measure-
ments from transfer-of-training data gathered on four training devices during
the operational testing of an MK-60 gunnery trainer, the Videodisc Integrated
Gunnery Simulator (VIGS). The findings indicate that TRAINVICE scores were
reasonably consistent for each particular model between raters. However, par-
ticular components variables of each model showed 1ow agreement between raters.
The authors suggest that future research on transfer forecast models increase
the reliability of the predictor measures, improve the criterion measurement
environment, and determine the scale properties of the models. <

. :// 4
EDGAR M. JOHNSONR
Technical Director
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APPLICATION OF TRANSFER FORECAST METHODS TO ARMOR TRAINING DEVICES

EXECUTIVE SUMMARY

Requirement:

Forecasting transfer from examinations of device and other training-system
characteristics has been the subject of ARI-sponsored research for several
years. This report is part of an ARI program to develop analytic tools for
estimating training device effectiveness.

Procedure:

Research was performed to assess the reliability and validity of a set of
tools called TRAINVICE. TRAINVICE workbooks were prepared, and the procedures
were applied to four training devices. Empirical data were collected in order
to relate the predictor estimates from TRAINVICE to the criterion measures
(transfer data).

Findings:

The overall TRAINVICE scores were reasonably consistent between raters for
each particular model. However, examining the component variables of each
model shows low agreement for particular classes of variables within models.
These variables require the more subjective judgments.

The results of the data collection indicate the difficulties inherent in
collecting criterion data. The lack of control over the collection yielded
data without variance.

Utilization of Findings:
Future research on transfer forecast models must increase the reliability

of the predictor measures, improve the criterion measurement environment, and
determine the scale properties of the models.

vii
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APPLICATION OF TRANSFER FORECAST METHODS
TO ARMOR TRAINING DEVICES

VAAS N

- oy =,
] > SIS o/
'

N

This report is part of an Army Research Institute program to develop
analytic tools for estimating training device effectiveness. Research was
performed to assess the reliability and validity of a set of tools called
TRAINVICE. TRAINVICE workbooks were prepared and the procedures applied to
four training devices. Empirical data were collected in order to relate the
predictor estimates from TRAINVICE to the criterion measures. Extensive
information was gathered on how consistently each TRAINVICE version and
sub-scale of each version 1is applied. Problems were uncovered with
app11cation and improved procedures suggested for using the methods.

Background

The training device acquisition process begins when a training need is
identified to support a new weapon system or to solve a training deficiency
for an existing system. During the phase of concept formulation, developers
consider tasks to be trained, trainee characteristics, alternative hardware
configurations, simulation technology, and costs. Several alternative device
concepts may be considered. The acquisition process depends on the cost
level, existence of commercially avajlable devices, developmental risks, and,
for a developing weapon system, the progress of the parent system through its
acquisition process.

In general, data available early in the device acquisition process are
subjective (e.g., judgments of subject matter experts), low in resolution,
and qualitative. These low-quality data are all that are available at the
very time that the technological risks are high (e.g., early decisions may
guide the device to or from high cost alternatives that do or do not use the
technological state of the art). Data available later in the device
acquisition process are more objective, quantitative, and empirical.
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However, even after the production of a device, empirical testing may be
omitted because of prohibitive costs.

The combined cost of empirical research and scarcity of objective data
during the acquisition process press the need for structured, quantifiable
algorithms for predicting the degree to which training on devices and simu-
lators transfers to the actual equipment. Forecasting transfer from examina-
tions of device and other training-system characteristics has been the
subject of ARI-sponsored research for several years. The Army has developed
a family of predictive models known collectively as TRAINVICE. As Tufano and
Evans indicate (1982), these four model. represent "the most ambitious steps
taken to date in the field of analytic evaluation" (p. 2). The original
TRAINVICE model resulted from a review by Wheaton, Rose, Fingerman, Korotkin,
and Holding (1976) of several methods for estimating the effectiveness of
proposed training devices. They found the estimation procedure's generally
inadequate. A new forecast method was proposed (Wheaton, Fingerman, Rose,
and Leonard, 1976) that predicted transfer of training based on the training
variables (tasks, behaviors) and device variables (appropriateness,
efficiency, effectiveness). This model is TRAINVICE I (TVI). As part of an
effort to develop detailed guidance for user application, TVI was modified
(PM-TRADE, 1979) and is referred to as TRAINVICE II (TVII).

Narva (1979) tried to make the transfer prediction more procedural and
easier for Army analysts to use. He divided the procedures into those that
answered three questions about the proposed training device. First, what is
to be represented in the training device? "What" refers to the units of
activity to be trained. Second, why is the unit of activity included? The
reasons are training criticality and training difficulty. Third, how are the
activities to be conveyed by the device, and how are they to be taught? The
ways cover the physical and functional characteristics of the device. The
functional characteristics were adapted from the Training Effectiveness and
Cost Effectiveness Prediction (TECEP) procedure developed by the Navy's
Trafning and Evaluation Group (Braby, Henry, Parris, and Swope, 1975).
Narva's model is TRAINVICE III (TVIII). In an effort to develop a user
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guidebook for applying TVIII, Swezey and Evans made additiona) revisions
. (1980). This approach is referred to as TRAINVICE IV (TVIV).

PR
% - i

W The four models share a common data collection method. As summarized by
“ Tufano and Evans (1982),

This method consists of a structured interrogation of a
subject matter expert. As such, the models place a very
high premium on the judgment of an expert. The method
focuses decision-making on a specific set of issues for
each task or part of a task. In the first of the TRAIN-
VICE models, for example, one of the issues considered
is the similarity between the equipment on a training
. device and that on the operational equipment to perform
o a particular subtask. This issue is further delineated
- into physical! similarity (appearance, location, etc.)
. and functional similarity (amount of information flow
" between the human operator and the controls and
displays) .... The judgments of the subject matter
K. expert and the index of effectiveness rely on many
A assumptions, both theoretical and mathematical in
8 nature. The theoretical assumptions include: (a) what
is being predicted (e.g., a particular measure of
W transfer of training); and (b) which task and equipment
variables have the predictive power to generate such a
measure of effectiveness. The mathematical assumptions
concern: (a) the manner in which all the values are
. combined; and (b) the numerical properties of the rating
> scales used to estimate those values (1982, p. 2)

x

Differences in assumptions are manifested in the models in several
important ways. For example, the mathematical weight of each of the
variables considered in the calculation of the indices are given different
degrees of emphasis in each model. The procedures used to estimate the
values for each component vary considerably from model to model. Moreover,
the procedures used to calculate an index of effectiveness from the variable
values are also very different in each model (Tufano and Evans, 1982, p. 1).
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Opportunities to try out the models, and to use tryout results to revise
the models for improved prediction have, unfortunately, been limited. In
some cases (Wheaton, et. al., 1976), predictor values were reliably estimated
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but the opportunity for criterion data collection was absent. In other cases
(Holman, 1979), the original model was revised without benefit of either
predictor estimation or criterion measurement.

Mainly because of practical.- constraints (i.e., cost, availability of
devices, parent equipment, subjects, and subject matter experts), the cases
in which predictor and criterion measurement occur are few. Investigators
have been forced by practical constraints to await opportunities in which
both prediction and criterion measurement could be accomplished. An
opportunity arose recently during. the operational testing of an MK-60 gunnery
trainer, the Videodisc Integrated Gunnery Simulator (VIGS).

Data were to be collected on transfer as a function of training which
used the VIGS, as well as three alternative training devices. Since
criterion and transfer data were to be collected in any event for training
that used the devices, all that is required to test transfer-forecast models
is to generate reliable estimates of predictor dimensions, and combine the
estimates as prescribed by the models to generate transfer forecasts.

Objectives

The research described in this report was performed as part of the ARI
program to validate and refine TRAINVICE methodology. The specific
objectives were to: )

(1) Determine how reliably subject matter experts (SME) can make the

(2)
(3)

Judgments

Determine

Recommend
reliable,

needed to compute TRAINVICE estimates.
how valid the estimates are.

how TRAINVICE judgments and estimates can be made more
valid, and efficient.




METHOD-PREDICTORS

Four tasks were performed to determine how relijably SME make judgments
needed to compute TRAINVICE estimates. The four tasks were (1) select
devices, (2) select gunnery engagement, (3) prepare workbooks, and (4)
perform ratings.

o e e e w2

Select Devices

Four Armor gunnery training devices were selected and each model was
applied. The devices were the MK-60 Gunnery Trainer (VIGS), the
burst-on-target (BOT) trainer; the M55 laser tank gunnery trainer; and the
subcaliber 5.56mm Brewster device (BRW).

MK-60 Gunnery Trainer (VIGS)

The MK-60 is a portable electronic training device designed to provide
soldiers with realistic and effective target engagement skills training for
both novice and experienced gunners. The trainer combines video disc and
microcomputer technologies. The gunner sées targets through an optical
system that combines the image with a projected reticle, tracks the target
and fires. Computer generated graphics display hits, misses, and tracers in
the gunner's sight-picture and an external monitor. Performance is assessed
by the microcomputer and feedback given to the gunner on a black and white
scorecard CRT at the gunner's console.

e e

Burst-on-Target-Trainer (BOT)

\ The BOT uses simulated tank turret controls and a gunner's sight for
} operation. The trainer provides a target and reticle which move with respect
. to each other when the controls are actuated. The targets are various 35mm
color slide transparencies of enemy tanks or vehicles and projected into the
" sight picture by a standard carousel projector mounted within the trainer.

When the gunner is on target and fires the main gun, a flash of laser light
simulates the round burst. The instructor can view the scene and has
independent control of the burst position to simulate various trajectories.

.....................
.........................
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M55 Laser Tank Gunnery Trainer

The M55 trainer is installed in the M60Al's M73/M219 machine gun mount.

Each time the main gun is fired, the simulator provides a single burst of red
light, visible through the optics. This lets the gunner accurately determine
how well he is laying his gun sighfs and tracking the target. In addition, a
supervising scorer can observe how accurately and proficiently the gunner is
operating the tank's main weapon system. The trainer is used specifically to
train on the proper techniques of:

o laying sights on a target

o tracking a target

o firing the gun

o visually adjusting the lay of the weapon on a target.

Subcaliber 5.56mm Brewster Device (BRW) ,

The BRW is a mounting device which permits use of the M16 rifle or M55
laser for subcaliber firing at reduced range. The device is wused in
conjunction with the scaled range target system and is wired to the control
firing circuit and fired by the gunner's firing trigger. ‘

Select Gunnery Engagement

A primary consideration during the planning phase of this project was to

.prevent the amount of material to be rated from overshadowing the issue of

interest--the validity of the TRAINVICE models. For this reason, only one
gunnery engagement task with its appropriate subtasks, controls, displays,

" knowledges, and skills was selected to be rated for each TRAINVICE model.

A stationary firing tank, moving target tank, precision-periscope
engagement was selected. Four behaviors for a direct fire engagement using
BOT were added to the eight gunner behaviors for that engagement. These four
behaviors were derived from FM17-12, Tank Gunnery. Thus, the criterion

gunnery engagement contains 12 analytically derived behavioral elements which
are the subtasks in TVI and the task elements in TVII. The gunnery
engagement with behavioral elements is shown at Figure




IDOC JOB OBJECTIVE 56
PLUS BOT

Precision, periscope, stationary firing tank, moving tank target
(1200-1600) meters), SABOT, direct fire adjustment (BOT)

i GUNNER BEHAVIORAL ELEMENTS
fe]
1. Gunner indexes ammunition.
» 2. Gunner turns on main gun switch.
b 3. Gunner announces IDENTIFIED. :
v 4. Gunner applies lead in direction of target apparent
v motion.
i 5. Gunner lays crosshair 1leadline at center of target
vulnerability.
o 6. Gunner makes final precise lay.
:g 7. Gunner announces ON THE WAY.
N 8. Gunner fires main gun.
N 9. Gunner announces sensing and BOT.
i 10. Gunner relays (BOT).
' 11. Gunner announces ON THE WAY (BOT).
o 12. Gunner fires main gun (BOT).
-
i& The gunnery engagement and gunner behaviors come from two sources,
L]

1. Boldovici, J.A. (HumRRO), Boycan, G.G. (ARI), Fingerman and
Wheaton (AIR). M60A1A0S Tank”™ Gunnery Data Handbook, ARI
Technical Report TR=79-A7, March, 1979.

i

SRR

.
«
.

2. US Army, FM17-12, Tank Gunnery. March, 1977.

e 5. 50

Figure 1. Gunnery Engagement
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The controls and displays were derived for each behavioral element using
the following basic guidelines: A control is something the operator acts on;
a display is something that provides information to the operator so that he
can act on a control. The analysis yielded six controls (e.g., main gun
switch, Gunner's control handles) and seven displays (e.g., main gun switch
light, reticle). The set of controls and displays is presented in Figure 2.

The knowledge and skills were derived for each behavioral element as
follows: Knowledges and skills are the mental and motor components of the
behavioral elements that have special requirements for minimum performance.
Any knowledge or skill that could be learned or performed simply in response
to verbal or written instructions was not identified as a knowledge or skill
here. For example, "knows location of ammunition selector handle" is not a
knowledge component for the behavioral element “Gunner indexes ammunition,"”
since soldiers would remember the location after a single showing. Eleven
knowledges (e.g., knows number of lead lines for ammunition types) and four
skills (e.g., is able to estimate speed of target) were identified. They are
listed in Figure 2. The controls, displays, knowledges, and skills
associated with each behavioral element are given in Figure 3.

Prepare Workbooks

In preparing to apply the various models, procedures were extracted from
reports describing TYI (Wheaton, et al., 1976), TVII (PM-TRADE, 1979), and
TVIV (Swezey and Evans, 1980) for rating devices. Three workbooks were
prepared from the extracted procedures. The intent of the workbooks was to
enable raters to make Jjudgments about a deyice in terms of the model
component without being distracted by other material presented in the
descriptive reports.

The TVIII (Narva, 1979) model is almost identical with TVIV regarding
the variables or model components considered and in the procedures used to
estimate these variables. For that reason, a workbook was prepared and
ratings made for TVIV; these data were then used to calculate TRAINVICE
scores for both TVIII and TVIV. The three models for which workbooks were
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CONTROLS

Ammunition selector handle.
Main gqun switch.

Microphone

Gunner's control handles.
Magnetic brake palm switches.
Firing triggers.

DISPLAYS

tarphones.

Ammunition display window.

Main gun switch light.

M-32 sight (eyepiece, headrest, 8X magnification).
Moving target.

Reticle.

Burst of main gun round.

KNOWLEDGES

Knows procedure to index ammunition (including when to index ammunition).
Knows that saying IDENTIFIED is response to TC saying GUNNER, (AMMO TYPE),
(TARGET TYPE) and Gunner seeing the target.

Knows number of leadlines for ammunition types.

Knows number of leadlines for speed of target.

Kno¥: c;osshair leadline is placed on target's center of mass (with lead
appiied).

Knows that saying ON THE WAY is response to crosshair leadline being on
target's center of mass, TC saying FIRE, and Loader saying UP.

Knows that sensing is mental notation of the point in the sight reticle
where burst of round appears as it passes, strikes short of, or hits the
target.

Knows there are three deflection sensings (LEFT, RIGHT, LINE) and four
range sensings (SHORT, OVER, DOUBTFUL, TARGET).

Knows that saying BOT is response to sensing round.

KioKnows to move point of sight reticle by most direct route from where burst

of round appears to target's center of mass.

K11Knows that saying ON THE WAY is response to point of sight reticle where

S1
S2
S3
S4

burst of round appears being on target's certer of mass and Loader saying
up.

SKILLS

Is able to distinguish between targets and friendlies.
Is able to estimate speed of target.

Is able to maintain smooth track.

Is able to sense rounds.

Figure 2. Controls (C), Displays (D), Knowledges (D), and Skills (S)




1. GUNNER INDEXES AMMUNITION
C; Ammunition selector handle.
D; Earphones (GUNNER, SABOT, MOVING TANK).
D2 Ammunition display window.
K1 Knows procedure to index ammunition (including when to index
ammunition).

2.  GUNNER TURNS ON MAIN GUN SWITCH
Co Main gun switch.
D) Earphones (GUNNER, SABOT, MOVING TANK).
D3 Main gun switch light.

‘e o ey
ke R

N
Folll. o

3. GUNNER ANNOUNCES IDENTIFIED

“ C3 Microphone (IDENTIFIED).

! D; Earphones (GUNNER, SABOT, MOVING TANK). :

N Dg M-32 sight (eyepiece, headrest, 8X magnifiéation).

¥ Dg Moving target.

- K2 Knows that saying IDENTIFIED is response to TC saying GUNNER, ( AMMO
TYPE), (TARGET TYPE) and Gunner seeing the target. '

) Sy Is able to distinguish between targets and friendlies.

B i

2

o 4. GUNNER APPLIES LEAD

C4 Gunner's control handles.

Cg Magnetic brake palm switches.

Dg M-32 sight.

Dg Reticle,

Dg Moving target.

K3 Knows number of leadlines for ammunition types.
K4 Knows number of leadlines for speed of target.
Sz Is able to estimate speed of target.

" S3 Is able to maintain smooth track.

K N > o e e
X W WS

o

5. - GUNNER LAYS CROSSHAIR LEADLINE
C4 Gunner's control handles.
Cs Magnetic brake palm switches,
W Dg M-32 sight.
& Dg Reticle.
N Ds Moving target.
R K5 Knows crosshair leadline is placed on target's center of mass (with
- lead applied).
S3 Is able to maintain smooth track

Figure 3. Controls (C), Displays (D), Knowledges (K), and Skills (S) for
Behavioral Elements.
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GUNNER MAKES FINAL PRECISE LAY

C4 Gunner's control handles.

Cg Magnetic brake palm switches.

Dg M-32 sight.

Dg Reticle.

Ds Moving target.

Ks Knows crosshair leadline is placed on target's center of mass (with
lead applied).

S3 Is able to maintafn smooth track.

GUNNER ANNOUNCES ON THE WAY

C3 Microphone (ON THE WAY),

C4 Gunner's control handles.

Cgs Magnetic brake palm switches.

D; Earphones (UP, FIRE).

Dg M-32 sight.

Dg Moving target.

D¢ Reticle.

Ke Knows that saying ON THE WAY is response to crosshair leadline being
on target's center of mass, TC saying FIRE, and Loader saying UP.

S3 Is able to maintain smooth track. |

GUNNER FIRES MAIN GUN

C4 Gunner's control handles.

Cg Magnetic brake palm switches.

Ce Firing triggers.

Dg M-32 sight.

Dgs. Moving target.

Dg Reticle.

S3 Is able to maintain smooth track.

GUNNER ANNOUNCES SENSING AND BOT

Dg M-32 sight.

C4 Gunner's control handles.

Cs Magnetic brake palm switches.

C3 Microphone (ON THE WAY).

D¢ Reticle.

Ds Moving target.

D7 Burst of main gun round.

K7 Knows that sensing is mental notation of the point in the sight
reticle where burst of round appears as it passes, strikes short of,
or hits the target.

Kg Knows there are three deflection sensings (LEFT, RIGHT, LINE) and
four range sensings (SHORT, OVER, DOUBTFUL, TARGET).

Kg Knows that saying BOT is response to sensing round.

Sq4 Is able to sense rounds.

Figure 3. Controls (C), Displays (D), Knowledges (K), and Skills (S) for

Behavioral Elements (Contirued).
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v 10. GUNNER RELAYS (BOT)

C4 Gunner's control handles.

Cg Magnetic brake palm switches.

B Dg M-32 sight.

D Ds Moving target.

o Dg Reticle.

D7 Burst of main gun round.

KioKnows to move point of sight reticle by most direct route from where
burst of round appears to target's center of mass.

; Sz 1Is able to estimate speed of target.

S3 Is able to maintain smooth track.

By 11. GUNNER ANNOUNCES ON THE WAY (BOT)
C3 Microphone (ON THE WAY).
C4 Gunner's control handles.
Cs Magnetic brake palm switches.
5 D; Earphones (UP, FIRE).
J Dg M-32 sight.
Qv Dg Moving target.
" Dg Reticle.
K1 Knows that saying ON THE WAY is response to point of sighh reticle
"y where burst of round appears being on target's center of mass and
7 Loader saying UP.
»é S3 Is able to maintain smooth track.
!

12, GUNNER FIRES MAIN GUN (BOT)
C4 Gunner's control handles.
Cs Magnetic brake palm switches.
Ce Firing triggers.

>, Dy M-32 sight.
W Dg Moving target.
o D¢ Reticle.
S3 Is able to maintain smooth track.
v
3
N
>
¥ Figure 3. Controls (C), Displays (D), Knowledges (K), and Skills (S) for
; Behavioral Elements (Continued).
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prepared involve several general types of preparatory analyses; these

analyses are shown in Table 1, The reader is referred to Tufano and Evans
(1982) for a thorough discussion of the preparatory analyses and model
variables. A description of the preparation of the workbooks follows.

Prepare Workbook for TVI

The details for procedures and assumptions were increased and the rating
procedures and instructions were geared to military raters. The workbook
with subtasks, controls, displays, skills, and knowledges appropriately
entered is presented in Appendix A. Following are the specific revisions or
recommended revisions.

Physical similarity analysis (PSA). The PSA judges how well displays
and controls are represented in the training device. The instruction to base
the assessment on physical similarity and ignore amount and quality of infor-
mation was moved from the definition of rating scale value 3 to the general
instructions since it seemed to apply to all ratings. Also, the reference to
"jnd" was deleted.

Functional similarity analysis (FSA). The FSA determines the informa-
tion processes of the operator (type, amount, and direction of information)
for each display and control and then compares the information requirements

in the device to those in the operational equipment. The approach recom-
mended for this analysis is considerably different from the Wheaton, et al.
(1976) pfocedures. The .revision was driven by the requirement for the rater
to understand how to estimate the number of alternatives for a control or
display. This seemed essential to enable later examination of the reli-
ability of the analysis. The instructions were modified so that the rater
determined the number of alternatives that the display or control under
consideration could assume. This procedure was further modified by requiring
the rater to determine whether the operator acts on the same amount of
information for a control or display in the same way for both the operational
and the training situation.

13
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Learning deficit analysis (LDA). In TVI, the LDA determines the dif-
ference between the trainees' repertory of skills and knowledges and the
level required to perform a subtask. In TVII, the LDA estimates how much the
trainees have to 1learn, weighted by the time required to train them.
TRAINVICE IV assesses the degree of proficiency required and the learning
difficulty of each skill. The definitions for Repertory Scale appeared to
refer too much to amount and type of training. The typical soldier described
for the raters was a high school graduate in Armor OSUT who has completed the
common soldier and tank driver blocks of instruction and was about to enter
the gunnery phase of training. In this case, soldiers will not have received

any training on any of the knowledges or skills, but they may have various
levels of proficiency on the skills. For example, the typical soldier would
probably be able to estimate one second "completely and accurately without
supervision" (part of the definition for a score of 4). But he would not
have received skill training on estimating (the remainder of that defini-
tion). Raters then could logically assign anything from a 0 to a 4 depending
on whether they focus on level of proficiency or amount and type of train-
ing. The amount and type of training received was deleted from the
definitions.

The Criterion Scale definitions seemed to be oriented toward describing
the status of an imperfectly trained solider. Again, the focus needed to be
on the requirements of the criterion task (hit moving target) rather than on
the type of training received or the amount of further training required.
For example, statements such as "“needs more practice under supervision" may
divert raters from the task requirements to the quality of an unspecified
training program, The scale value defintions were revised to focus on
knowledge or skill requirements of the criterion task.

Training techniques analysis (TTA). The purpose of the TTA is to
establish how well a device implements established learning principles. This
is done by using TECEP categories to determine task categories and rate how
well the device implements the associated TECEP learning guidelines (from a
"-3" which infers violation of a principle to a "3" which infers optimal
implementation). The rater 1identifies the lowest rating of each task

15
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category and then averages and scales these scores to yield a "T" score
between "0" and "1".

The procedures associated with this analysis were not clear in
specifying when the rater should rate the principles for each task category.
That is, should the rater rate every category or should the rater first
determine which principles are relevant to the subtasks being rated.
Determining the relevant principles before rating appeared to be more
reasonable in that a principle may be more relevant to some subtasks but not
others. For instance, the mnemonic to apply to adjusting lead to compensate
for motion in the firing tank is not apparent. But the lack of apparent
relevance does not affect the comparative effectiveness of a device. This
can be a problem because the model only incorporates the lowest rating in a
cell. An irrelevant principle would wash out any positive applications of
learning principles. '

Despite this theoretical drawback, the instructions call for rating each
principle in each cell. The main reason for that instruction is the defini-~
tion of zero in the scale. One reason for a zero is that the principle is
irrelevant. That implies that there is no screening for relevance. A more
basic problem relates to the purpose of the analysis. Research Memorandum
76-16 (Wheaton, et al.) states that the purpose is to tell the incremented
training value that a specific device possesses over operational equipment
(p. 39). However, the procedure makes no.reference to operational equip-
ment. The Memorandum later recommends an approach which assigns the zero
point to the operational equipment and rates each device in terms of gain or
decrease compared with that equipment (p. 43). Such a modification would
also resolve the relevance problem. This approach, if adopted, would
probably require use of the average score rather than the lowest score.

Two recommendations are presented for revisions to the training
techniques analysis procedure. They are:

1. Rework the scale to compare devices' application of
principles with operational equipment's application of
principles; or,

16
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2. Continue with current procedures but have raters screen
principles 1in each relevant cell to identify the
principles that apply to the subtask. Eliminate
"inapplicable or irrelevant" from the definition for
zero,

Prepare Workbook for TVII

The main confusion with TVII instructions related to unique elements and
controls. A device is supposed to be penalized for task elements and
controls that are "unique to the device but not needed." The materials (PM-
TRADE, 1979) give no examples. Since the analysis proceeds by task, the most
likely interpretation is to penalize features that are unrelated to the task
being considered. By a strict interpretation, the ability to show motion,
for example, would be unique for the task "engage stationary targets." But
the scope of a task is often arbitrary. In this case the task could just as
easily be "fire main gun" in which case the ability to show motioh would not
be a unique element. The instructions therefore call for considering an
element unique if it is unrelated to entry-level gunnery. The rating sheets
were modified so that raters would 1list what they considered to be unique
elements. The TVII Workbook is in Appendix B.

Prepare Workbook for TVIV

The problems with TVIV related to the definitions for Training Profi-
ciency and Learning Difficulty. The confusion stemmed from the definitions
for the scale values. Training Proficiency is supposed to describe the
ability of the soldier that the system requires. But the definitions refer
primarily to the amount or quality of training received. When the system
requirements are mentioned, the context is illogical: A rater gives a 1 when
the system would require only a limited knowledge and would be seriously
degraded by limited knowledge. Raters with a criterion referenced attitude
would have trouble telling the difference between a minimally competent and
an adequate skill, particularly when system requirements are being asked

17




for. Similarly, the definition of expert-level skill is also not consonant
with the purpose. The following scale value definitions are recommended:

Rating Definition

1 Should have skill of knowledge equivalent to briefing on
knowledge or one performance of skill. System will
tolerate frequent errors.

Should have skill or knowledge equivalent to briefing
and some practice, but does not need to be able to
apply knowledge or skill without error. System will
tolerate occasional errors.

Should be able to apply skill or knowledge under most
conditions without hesitation. System will tolerate
infrequent errors.

Should be able to apply skill or knowledge under all
conditions without hesitation. System will not tolerate
errors.

The Learning Difficulty definitions may depend too much on maintaining

rather than acquiring proficiency. Also it 1is not <clear whether
“instruction” in 2, 3, and 4 is intended to be limited to description or
includes hands-on practice. Appendix C is the TVIV Workbook.

Perform Ratings

The ratings were made by two independent raters. The first rater
applied each TRAINVICE model to all four devices; the second rater applied
TRAINVICE II, III, and IV to all four devices and TVI to the VIGS only. The
rating design is shown in Figure 4., Each rater familiarized himself with the
VIGS device by practicing a prescribed sequence of engagements until each
felt confident enough to do the ratings. The two raters were familiar with
the remaining three devices through other projects and refreshed their
memories by reviewing the particular descriptions in DA Pam 310-12 (1976).




o Device Model VIGS BOT M55 BRW

TV-1 Rater 1 Rater 1 Rater 1 Rater 1
Rater 2 -~ -- --
b
o Tv=-11 Rater 1 Rater 1 Rater 1 Rater 1
:' Rater 2 Rater 2 Rater 2 Rater 2
)
Tv-111 Rater 1 Rater 1 Rater 1 Rater 1

Rater 2 Rater 2 Rater 2 Rater 2

TP AR

TV-1V Rater 1 Rater 1 Rater 1 Rater 1
Rater 2 Rater 2 Rater 2 Rater 2

A

>

N

e

Figure 4. Rating design for TRAINVICE Workbooks
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RESULTS-PREDICTORS

" The overall TRAINVICE scores computed for raters 1 and 2 are in
§3 Table 2. The scores that each model assigns vary greatly. This generates
ﬁi questions concerning what relationship a value for a particular model has
g when compared to a second model on the same training device. For example,

: rater 1 applying TVI awards the VIGS device .34, but the same rater using
2 TVII awards the VIGS .90. Of particular concern is the difference between
o TVIII and TVIV., The scores assigned by each of the models are quite dif-

ORI
= oS

ferent from one another (e.g., where the two raters using TVIII assign a .38
- and .41 for the VIGS device, the TVIV scores are .67 and .74). However, the
A data recorded in the workbooks for these two devices are identical. The only
difference between the two models is in the equation each one uses. Further-

2 more, the TVYIV scores for the last two devices (M55 and BRW) differ greatly
. between the raters whereas for TVIII both raters' scores are almost identi-
} cal. Again, since the only difference between the two models is the equation
.: each uses, these results raise some interesting questions about the equations
::' each of the four models uses to produce a “prediction value." The issue of
" the relationships of values from one model compared to another model is
': presented in the Discussion section.

2,

“ Although the actual scores which each TRAINVICE model assigns are dif-
PN ferent, the rank order of these scores produces a fairly consistent pattern.
%? Figure 5 illustrates this by displaying each of the TRAINVICE scores in
(E relation to one another for each rater. Figure 6 compares the pattern of the
3 TRAINVICE scores for each rater (with the exception of TVI in which only
v rater 1 completed the analysis). In general, the patterns of the scores are
.5 similar between the raters. In fact, the actual TRAINVICE scores (presented
% in Table 2) are not considerably different between raters (with the exception
; of TVIV on the M55 and BRW devices).

) There was a high degree of agreement among the predictions generated by
;i the four TRAINVICE models, for each of the raters. The statistic used to re-
B flect this multiple correlation was Kendall's Coefficient of Concordance (W)
B!

:
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(Siegel, 1956) which took into account the rank ordering of each model's
predictions across the four training devices in question. For rater 1, W =
.85 (p < .01). Since rater 2 had only applied TVII, TVIII, and TVIV to all
four devices, his coefficient of concordance (.63) was less reliable; p <
.15. The immediate implication of these results is that perhaps the simplest
prediction method (TVII) is the one to use since its predictions agree with
the more complicated methods.

Since inter-rater agreement was high for the TRAINVICE indices, we

.wanted to see if the raters agreed consistently throughout the rating

procedure. There are two reasons for this: (1) If the raters are not
agreeing, then an analysis of rater-agreement will pinpoint areas in the
model that need to be more specific in defining their rating criteria; and
(2) If the raters are not agreeing, then one must question whether the
TRAINVICE model is producing an accurate measure. !

To indicate the extent to which raters produced similar ratings, a
simple "percent-agreement" score was computed for each of the component
variables of each TRAINVICE model. These are displayed in Table 3. Tufano
and Evans (1982) designed the framework of this table to show the
commonalities among the four models in terms of their various analyses. In
observing the rater agreement within these variables, particular areas have
produced consistent degrees of rater agreement across all of the TRAINVICE
models. Specifically, 1in the coverage of commonality analysis, rater
agreements are generally 80-100%2. In the learning and training technique
analysis, rater agreements are generally below 50%.
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METHOD-DATA COLLECTION

The data collection plan was to give a set of Armor OSUT soldiers
specific opportunities to practice gunnery tasks on the VIGS rather than the
normal OSUT gunnery training. Their subsequent dry fire performance with the
M55 laser on two engagements each from Tank Tables II (night) and III (night)
would be compared with the performance of another set of Armor OSUT soldiers
who had normal OSUT gunnery training and no practice on the VIGS. Perform-
ance of each group would also be compared with performance predicted by
TRAINVICE ratings. The VIGS training was presented at two levels of
intensity, a high and low level.

Subjects !

Twenty-nine soldiers from one OSUT company and 28 from another partici-
pated. They were represented in three groups, as follows:

Normal OSUT
Compan Gunner Low VIGS High VIGS
Lompany =~ _Gunnery = _Low Vihy = _Nigh ViG>
B41 10 ' 10 9
D21 9 10 9

Training Method

~Subjects in the high and low level training groups were given training
as described in Hoffman and Melching (1982). ;;sentia11y. the two levels of
VIGS training were substituted for a portion of regular OSUT training on the
M55 laser. The high group was administered two VIGS trafning modules; the
Tow group, was administered one module.

Module 1 training on the MK60 for both high and low level groups
occurred during week ten of training. It was substituted for approximately
eight hours of the time normally devoted to training on Tank Tables I, II,
and 111 (Day Fire) using the M55 laser mounted on turret trainers. Subjects
who were assigned to high level training returned two weeks later for Module
2 training. The training module was scheduled for five hours and occurred
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immediately after subjects had received their .22 caliber Brewster device
exercises. All groups had training on the burst-on-target (BOT) trainer.

A list of the engagements on the VIGS is shown in Table 4. A sample
training module used by Hoffman an@ Melching (1982) is presented as Figure 7.

Testing Method

A1l subjects fired Tank Tables II (night) and IIl (night). The
description of Tank Table II (night) is as follows:

Task: Employ BOT method of adjustment (Engagements 1 and 4)

Conditions: Using a sub-caliber (laser) device, the Gunner will
adjust fire from a first round miss, using BOT method of adjustment.
Gunner fire at stationary targets from a stationary tank under Whi te
1ight or IR.

Standards: Gunner must hit target with second round and use correct
adjustment techniques to qualify on Table II (night).

Equipment Set-up: An elevation error is induced into the computer
to cause a first round miss requiring fire adjustment.

The description of Tank Table III (night) is as follows:

Task: Employ BOT method of adjustment (quagements 1 and 3).

Conditions: Using a sub-caliber (laser) device, the Gunner will
adjust Tire from a first round miss, using BOT method of adjustment.
Gunner will fire at moving targets from a stationary tank under white
1ight or IR.

Standards: Gunner must hit targets with second round and use correct
adjustment techniques to qualify on Table III (night).

Equipment Set-up: An elevation error is induced into the computer
to cause a first round miss requiring fire adjustment.
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TABLE 4
“ TARGET CHARACTERISTICS AND AMMUNITION IN THE 20 VIGS ENGAGEMENTS

s
0 Target Target Target Target
o Type Range Movement Cover Ammo
;" Tank 456 Closing No HEAT
X Tank 500 Closing No HEAT
i Tank 1000 Closing No HEAT
' Tank 1030 Closing No APDS
; APC 800 Closing : No HEP
- - Tank 500 Crossing No REAT
b Tank 1000 Crossing No APDS
.. Tank 406 Closing Yes APDS
l Tank 588 Closing Yes APDS
2 2 Tanks 456 Closing No HEAT
' APCk 1326 Crossing No HEAT
2 Tanks 1400 Closing No APDS
b APCk 1130 Crossing No HEP
. Tank 1200 Crossing No HEAT
. Tank 1130 Closing Yes HEAT
- Tank 500 Crossing Yes APDS
: Tank 1430 Crossing No APDS
) 2 Tanks 1230 Crossing No HEAT
h Tank 1300 Crossing Yes HEAT
2 Tanks 1230 Crossing No HEAT
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i Module 1

= MK60 VIDEODISC SIMULATOR
GUNNERY TRAINING

e
. Partial Substitute for Lesson Plan GCO50
y MK60 Training in Lieu of TANK TABLES I, II, and III (Day)
;5, A. Administrative Instructions:
R
2 1. When training will be given: During time Tank Tables I, II, and III
N (Day) training is normally given.
2. Training location: SK Hall

) 3. Who will be trained: Sixteen (16) men, 8 from 2 platoons. List of
i: selected personnel will be provided by ARI R&D Coordinator.

Y 4., Instructors: Four (4) Assistant Instructors/Tank Commanders

" (AI/TC), one for each MK60 device. '
1§
'™ 5. Training Aids:
] (a) Four MK60 simulators, regular and BOT floppy discs, and

‘ videodisc.
. (b) Practice Monitor Forms.
N
;: 6. References:
‘l
¥ (a) FM 17-12 w/changes 1 and 2
(b) FM 17-12-2 w/changes 1 and 2
(c) Lesson Plan GCO50

X (d) MK60 Gunnery Trainer Operator's Manual
o (e) Training Objectives and Videodisc Specifications for use with
2 the Perceptronics Videodisc Gunnery Simulator, ARI/H<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>